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Objectives: To study the pattern of hemoglobin level and relation to BMI among preparatory year female students, Taibah Uni-
versity, Almadinah Almunawwarah, Kingdom of Saudi Arabia.
Methods: A cross sectional study was conducted between 1st of April to end of May 2012. A structured questionnaire was dis-
tributed to the target students, Hb levels and BMI were estimated.
Results: More than three quarters (87.2%) were of normal or under weight, compared to 10.9% who were overweight and 1.9%
who were obese. Nearly one third (32.2%) of the students were anemic; where 45.7% had normal BMI. Nearly half of the students
(49.3%) were significantly consuming fresh vegetables and fruits less than once per week (p= 0.002), 26.5% were consuming red
meat once per day, 29.4% and 27.5% were consuming legumes and fast food, respectively once per week. One fourth (25.1%) of the
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students were consuming soft drinks more than once per day and milk products were consumed also once per day by 30.8% of the
students.
Conclusion: Anemia was prevalent among female university students (32.2%). However, it was interesting to find that 46.0%
were of normal weight and 41.2% were of underweight. This reflected a change on the trend of obesity among this group of young
Saudi females that could be related to the increased awareness by the ideal physical appearance and health benefits of weight con-
trol.
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Nowadays, the most common intractable nutritional problem
worldwide is anemia; whereas nearly 2 billion have hemoglo-
bin concentration below the recommended average level.1
There are many predisposing factors that enhance the
occurrence of anemia as dietary iron deficiency, parasitic infes-
tations, infectious diseases such as malaria, deficiencies of
important micronutrients as folate, vitamin B12 and vitamin
A, or other inherited conditions that affect red blood cells
(RBCs), such as thalassaemia.2
Recent evidences3,4 show that young adults especially fe-
males are at an increased risk of developing anemia. This could
be contributed to an increase in their iron demand during pub-
erty, excessive menstrual losses (due to polymenorrhea and
menorrhagia), insufficient dietary iron intake (especially of
animal origin) and faulty dietary habits.3,4
The World Health Organization (WHO) global estimates of
anemia prevalence averaged 56%, with a range of 35–75%
depending on the geographic location. Anemia affects approx-
imately 30–55% of young adults all over the world.5 WHO
estimated that 150 million individuals in the Eastern Mediter-
ranean region suffer from some type of anemia.6 South Asia
has the highest prevalence of anemia in the world, which is
attributed to high rates of malnutrition. One study in King-
dom of Saudi Arabia7 showed that the prevalence of iron defi-
ciency anemia among female university students was 23.9%.7
Overweight and obesity are major public health problems.8
Obesity is considered as a leading preventable cause of death
worldwide.9 According to WHO, obesity is more common
among women than men.10
Faulty feeding habits could be attributed to the occurrence of
iron deficiency anemia among young adults. Themost prevalent
habits accustomed in this age group include changing the main
meals for snacks, skipping breakfast, reducing the intake of
fruits and vegetables, and the increasing consumption of sodas
and high calorie foods.11–13 These habits can result in iron defi-
ciency and increase the risk of obesity.14–18 Iron deficiency ane-
mia was more encountered in many studies among overweight
and obese adults,16,17,19–21 and also among overweight children,
adolescents and young adults.16,22,23 Others prove an inverse
relationship between hemoglobin level and BMI.24
Therefore, studying the hemoglobin level and its relation-
ship to BMI is of great importance, which highlights the
importance of this study.
Materials and Methods
A cross sectional survey was conducted from the beginning
of April throughout May of 2012. A simple random selec-
tion of 211 female enrolled in preparatory year at Al Salam
Campus of Taibah University in Almadinah Almunawwa-
rah, Kingdom of Saudi Arabia was done (size was calcu-
lated using EP Info 7; where the total number of enrolled
students was 1500, prevalence of anemia of 24% and confi-
dence level of 95%).7
Exclusion of students with hereditary cardiac diseases,
hereditary blood diseases, and chronic renal diseases was
done.
Informed verbal and written consent was obtained from all
participants upon explaining the objectives and methodology
of the study, ensuring ethics and confidentiality.
An interview form was specially designed in Arabic, includ-
ing sociodemographic data (age, marital status, etc.), medical,
obstetric and gynecological histories, and some nutritional
habits (using a weekly food frequency table).
After filling the form, participants’ weights and heights
were taken; standing straight, barefoot and minimally dressed
on a regularly calibrated bathroom scale and readings were
measured to the nearest 0.1 Kg. Whereas, participants’
heights were measured from head to toe to the nearest
0.5 cm, while standing on a leveled ground, barefoot with
parallel feet and heels, buttocks, shoulders and back of the
head touching the wall, head comfortably upright so that
the lower border of the orbit would be in the same horizontal
plane as the external auditory meatus and the arms would
hang relaxed at the sides in a natural manner. Body Mass In-
dex (BMI) was calculated using the weight in kilograms di-
vided by the square of the height in meters (kg/m2). A
value of BMI < 18.5 kg/m2 was considered as underweight,
18.5–24.9 kg/m2 was considered as normal weight, 25.0–
29.9 kg/m2 was considered as pre-obese (overweight), and
BMIP 30 was considered as obese.25–27
Then the participants were referred to the university lab in
the main clinic at main Campus Taibah University, female sec-
tion where venous blood samples (3–5 ml) were drawn from
each student to measure the hemoglobin (Hb) level. Hemoglo-
bin was assessed by a SysmexXE-2100 Automated Hematology
Analyzer (Sysmex, Kobe, Japan) with the appropriate calibra-
tor, reagent kits, and quality control processes. Normal results
vary, but in general it is for females: 12.1–15.1 gm/dL.28,29
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Data was collected and analyzed using SPSS (Statistical Pack-
age for Social Science) program for statistical analysis, (version
17; Inc., Chicago, IL). Two types of statistics have been con-
ducted: (1) Descriptive statistics: where quantitative data was
shown as mean, and SD, and qualitative data were expressed
as frequency and percentage. (2) Analytical statistics: Chi-
square test was used to measure association between qualita-
tive variables, while Student t-test was used to compare mean
and SD of 2 sets of quantitative normally distributed data. p-
value was considered statistically significant when it is less than
0.05.
Results
The mean age of participants was 19.2 ± 1.13 years, 92.9%
were living in urban areas and most of them (92.4%) were sin-
gle; with insignificant difference between anemic and those
with normal hemoglobin level (Table 1).
Less than half of the participants (46.0%) had normal
weight; 33.0% were anemic (their mean BMI = 21.3 ± 1.66,
mean Hb%= 10.9 ± 1.39) (Table 2 and Figure 1).
Nearly two fifths (41.2%) were underweight; 32.2% of them
were anemic (mean BMI = 16.2 ± 1.55, mean Hb%= 11.3
± 0.51). One tenth (10.9%) of participants were overweight;
34.8% of them were anemic (mean BMI = 27.4 ± 0.81 mean
Hb%= 10.9 ± 0.80). Although a minority were obese
(1.9%), 50.0% of them were anemic (mean BMI = 34.0
± 0.10, mean Hb%= 11.6 ± 0.10). Generally speaking, the
prevalence of anemia was 32.2%, with insignificant difference
between BMI and Hb% (Table 2 and Figure 1).
Nearly two thirds of participants (67.3%) were menstruat-
ing by age of 13–15 years; getting menses every 21–30 days
(53.1%), and 58.8% had regular menses; with insignificant dif-
ference between anemic and those with normal hemoglobin le-
vel. (Table 3)
More than one third (37.5%) of married participants were
pregnant, 3 months period since last delivery or abortion and
did not lapse in 60.0% of cases. Whereas, contraceptive users
were 18.7%, 66.7% of them were using contraceptive pills;
with insignificant difference between anemic and those with
normal hemoglobin level (Table 3).
A significant association (p= 0.002) has been reported be-
tween the presence of anemia and the rate of consumption of
fresh vegetables and fruits among the studied group. Con-
sumption of red meat once per day has been reported in
26.5% of the participants, while 29.4% and 27.5% were con-
suming legumes and fast food once per week respectively; with
insignificant difference between anemic and those with normal
hemoglobin level. One fourth (25.1%) of the participants were
consuming soft drinks more than once per day, meanwhile
milk products were consumed by 30.8% once per day; with
insignificant difference between anemic and those with normal
hemoglobin level (Table 4).
Half of the participants (50.2%) were drinking tea immedi-
ately postprandial, only 10% were taking nutritional supple-
ments and 7.6% were taking iron or folic acid supplements;Table 1: Socio-demographic data of the studied group of students by hemoglobin level.
Studied variables Hemoglobin level Total N= 211 (%) p-Value
Normal N= 141 (%) Anemia N= 70 (%)
Age in years (Mean ± SD) 19.1 ± 0.64 19.3 ± 1.72 19.2 ± 1.13 p= 0.259^
Residence
Rural 11(7.8) 4(5.7) 15 (7.1) p= 0.579*
Urban 130(92.2) 66(94.3) 196 (92.9)
Perceived Socioeconomic standard
Moderate 103 (73.0) 51 (72.9) 154 (73.0) p= 0.976*
High 38 (27.0) 19 (27.1) 57 (27.0)
Marital status
Ever married 11(7.8) 5(7.1) 16 (7.6)
Never married 130 (92.2) 65 (92.9) 195 (92.4) p= 0.865*
* Pearson’s Chi-square test, p< 0.05.
^ p Value of student-t test, p< 0.05.
Table 2: Distribution of BMI by hemoglobin level among studied group of students.
BMI Hemoglobin level Total N (%) p-Value
Normal N (%) Anemia N (%)
Underweight 59 (67.8/41.8) 28 (32.2/40.0) 87 (100.0/41.2) p= 0.902⁎
Normal 65 (67.0/46.1) 32(33.0/45.7) 97 (100.0/46.0)
Overweight 15 (65.2/10.6) 8 (34.8/11.4) 23 (100.0/10.9)
Obesity 2(50.0/1.4) 2 (50.0/2.9) 4 (100.0/1.9)
Total 141 (66.8/100.0) 70 (33.2/100.0) 211(100.0/100.0)
* Pearson’s Chi-square test, p< 0.05.
with insignificant difference between anemic and those with
normal hemoglobin level (Table 5).
Discussion
Anemia is a common problem in all age groups and popula-
tions, and iron deficiency is the commonest cause.18
Iron deficiency affects a considerable number of popula-
tions in nearly every country. Programs for the prevention of
iron deficiency are under way in 90 of 112 countries that re-
ported to WHO in 1992.30 However, most of them are neither
systematically implemented nor are well monitored or evalu-
ated.30 Because anemia is the most common indicator used
to screen for iron deficiency, the terms anemia, iron deficiency,
Figure 1: Distribution of the studied students by their weight and mean hemoglobin level.
Table 3: Reproductive history of participants by hemoglobin level.
Variables Hemoglobin level Total N= 211 (%) p-Value
Normal N= 141 (%) Anemia N= 70 (%)
Age of menarche in years
10–12 39 (27.7) 19 (27.1) 58 (27.5)
13–15 97 (68.8) 45 (64.3) 142 (67.3) p= 0.299*
>15 5 (3.5) 6 (8.6) 11 (5.2)
Regularity of menstruation
Irregular 53 (37.6) 34 (48.6) 87 (41.2) p= 0.127*
Regular 88 (62.4) 36 (51.4) 124 (58.8)
Interval between 2 successive menses
<20 days 46 (32.6) 26 (37.1) 72 (34.1)
21–30 days 78 (55.3) 34 (48.6) 112 (53.1) p= 0.113*
31–40 days 16 (11.3) 6 (8.6) 22 (10.4)
>40 days 1 (0.7) 4 (5.7) 5 (2.4)
For ever married women (N= 16)
Gravidity (Mean ± SD) 0.0 ± 0.00 1.6 ± 2.19 1.6 ± 2.19 –
Number of living children (Mean ± SD) 0.0 ± 0.00 2.0 ± 2.74 2.0 ± 2.74 –
Current pregnancy
No 6 (54.5) 4 (80.0) 10 (62.5) p= 0.330*
Yes 5 (45.5) 1 (20.0) 6 (37.5)
3 Months lapse since last delivery/abortion
No 0 (0.0) 3 (60.0) 3 (60.0) –
Yes 0 (0.0) 2 (40.0) 2 (40.0) –
Current use of contraceptives
No 8 (72.7) 5 (100.0) 13 (81.3) p= 0.432*
Yes 3 (27.3) 0 (0.0) 3 (18.7)
Pills 2 (66.7) 0 (0.0) 2 (66.7)
Safe period 1 (33.3) 0 (0.0) 1 (33.3)
* Pearson’s Chi-square test, p< 0.05.
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Table 4: Physical and dietary habit by hemoglobin level.
Dietary habits Hemoglobin level Total N= 211 (%) p-Value
NormalN (%) AnemiaN (%)
Fresh vegetables and fruits
-More than once/day 13 (9.2) 5 (7.1) 18 (8.5)
-once/day 23 (16.3) 12 (17.1) 35 (16.6) p= 0.002*
- 3–4 times/week 22 (15.6) 17 (24.3) 39 (18.5)
-once/week 4 (2.8) 11 (15.7) 15 (7.1)
-less than once/week 79 (56.0) 25 (35.7) 104 (49.3)
Red meat
-more than once/day 13 (9.2) 6 (8.6) 19 (9.0)
-once/day 35 (24.8) 21 (30.0) 56 (26.5)
- 3–4 times/week 35 (24.8) 12 (17.1) 47 (22.3) p = 0.717*
-once/week 23 (16.3) 14 (20.0) 37 (17.5)
-less than once/week 35 (24.8) 17 (24.3) 52 (24.6)
Legumes
-more than once/day 9 (6.4) 1 (1.4) 10 (4.7)
-once/day 12 (8.5) 5 (7.1) 17 (8.1)
- 3–4 times/week 26 (18.4) 16 (22.9) 42 (19.9) p = 0.476*
-once/week 43 (30.4) 19 (27.1) 62 (29.4)
-less than once/week 51 (36.2) 29 (41.4) 80 (37.9)
Fast food
-more than once/day 13 (9.2) 6 (8.6) 19 (9.0)
-once/day 27 (19.1) 10 (14.3) 37 (17.5) p = 0.729*
- 3–4 times/week 35 (24.8) 15 (21.4) 50 (23.7)
-once/week 38 (27.0) 20 (28.6) 58 (27.5)
-less than once/week 28 (19.9) 19 (27.1) 47 (22.3)
Soft drinks
-more than once/day 34 (24.1) 19 (27.1) 53 (25.1)
-once/day 30 (21.3) 16 (22.9) 46 (21.8) p = 0.451*
- 3–4 times/week 31 (22.0) 8 (11.4) 39 (18.5)
-once/week 26 (18.4) 14 (20.0) 40 (19.0)
-less than once/week 20 (14.2) 13 (18.6) 33 (15.6)
Milk products
-more than once/day 21 (14.9) 6 (8.6) 27 (12.8)
-once/day 49 (34.8) 16 (22.9) 65 (30.8) p = 0.153*
- 3–4 times/week 25 (17.7) 19 (27.1) 44 (20.9)
-once/week 13 (9.2 9 (12.9) 22 (10.4)
-less than once/week 33 (23.4) 20 (28.6) 53 (25.1)
* Pearson’s Chi-square test, p< 0.05.
Table 5: Habits accustomed by studied participants by hemoglobin level.
Dietary habits Hemoglobin level Total N= 211 (%) p-Value
Normal N= 141 (%) Anemia N= 70 (%)
Post prandial tea drinking
No 66 (46.8) 39 (55.7) 105 (49.8) p = 0.371*
Yes 75 (53.2) 31 (44.3) 106 (50.2)
Nutritional supplements
No 127 (90.1) 63 (90.0) 190 (90.0) p = 0.987*
Yes 14 (9.9) 7 (10.0) 21 (10.0)
Iron or folic acid supplements
No 128 (90.8) 67 (95.7) 195 (92.4) p = 0.202*
Yes 13 (9.2) 3 (4.3) 16 (7.6)
* Pearson’s Chi-square test, p< 0.05.
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and iron deficiency anemia are sometimes used
interchangeably.
One study comparing anemic and non-anemic female work-
ers in China found that anemic women were 15% less efficient
and had 12% lower overall productivity.31
The link between BMI and anemia is well documented,
where many researchers found an association between anemia
and overweight and obesity.16–23
Anemia has been reported in 32.2% of the participants in
this study, this result is in agreement with that of Al-Sayes
et al, 2011, who found that iron deficiency anemia was preva-
lent by 23.9% among female university students studying at
King Abdulaziz University, Jeddah.7
Measuring height, weight and body mass index (BMI) gives
significant information on the nutritional and health status of
individuals.19
The results of this study revealed that anemia was more pre-
valent among normal (45.7%), and underweight students
(40%) with no significant association between hemoglobin sta-
tus (anemia) and BMI status among studied population,
(p> 0.05).
These results are against that of a cross-sectional study con-
ducted in 2004, which found that overweight children and ado-
lescents exhibited lower iron levels; of those with iron
deficiency anemia, more than 50% had a body mass index
(BMI) greater than the 97th percentile.20
On other hand more than three quarters (87.2%) of the
studied young female university students were of normal or
underweight, which is different from documented figures in
the Arabian Gulf countries.21 This might be attributed to bet-
ter nutrition education, type of dress and activity.
Dietary intake patterns featuring a high intake of nutrient-
dense foods such as cereals, fruits, vegetables and low-fat meat
and dairy products have been associated with a number of
favorable health outcomes in adults including a decreased
prevalence of obesity.20 Although many causes of anemia have
been identified worldwide, it is agreed that nutritional defi-
ciency due primarily to low bioavailability of dietary iron ac-
counts for more than half the total number of cases. Poor
diet provides low amounts of bioavailable iron. This diet
may therefore, on the long run, contribute significantly to poor
iron nutrition as evidenced in the high prevalence rates of iron
deficiency. Only when legumes or vegetables were included in
the cereal-based diet did iron availability improve a three-fold
increase on average.24–26
The findings of this study indicated that there were no sig-
nificant relationships between anemia and dietary habits
(p< 0.05) except for consuming fresh vegetables and fruits
less than once per week. Interestingly, the percentage of ane-
mic participants consuming fresh vegetables and fruits less
than once per week was lower than that of those who were
normal (35.7% vs. 56%) respectively. This could be explained
by the insufficient intestinal absorption of iron, menses, and
bleeding. Such result evokes the importance of screening intes-
tinal helminthes among participants and suggests that the iron
supplement is required in order to overcome anemia.23 Post
prandial tea drinking was not significantly associated with
anemia in this study (p> 0.05), which opposes the significant
association reported in other different studies.32 Moreover,
information is needed on food preparation, frequency of con-
sumption of iron-rich foods in season, and usual portion sizes
and an estimate of the proportion of community members
that ascribe to each practice. Special attention should be given
to the use of tea, coffee, herbal teas, spices, and fermented
foods.
Conclusion
Anemia was prevalent among female university students
(32.2%). However, it was interesting to find that 46.0% were
of normal weight and 41.2% were underweight. This reflects
a change in the trend of obesity among this group of young
Saudi females that could be related to the increased awareness
by the ideal physical appearance and health benefits of weight
control.
Recommendation
Young female students in the beginning of their reproductive
life are in need for in-depth study of their iron profile. There
is an urgent demand for iron supplements for proved iron defi-
ciency anemic cases, and nutrition education programs to
advocate healthy dietary habits. Screening of intestinal helmin-
thes among the group of students who participated in this
study is required to trace risk factors of anemia.
Study limitations
The results of this study are limited to a sample of female stu-
dents from just one university in the Kingdom of Saudi Ara-
bia, which may not be an efficient representation of all
female university students in Kingdom of Saudi Arabia: partic-
ipants were taken only from the preparatory year students,
samples from other faculties and from different universities
may provide a more inclusive picture of female university stu-
dents in Kingdom of Saudi Arabia.
Iron deficiency anemia is the commonest cause of anemia,
however measuring the mean corpuscular volume (MCV), ser-
um ferritin, serum iron and total iron binding capacity (TIBC)
levels are recommended to be done to diagnose the presence of
iron deficiency anemia among the group of young females in
this study. However, such laboratory investigations were not
available at lab at Taibah University during this study.
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